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Crystalsof thetitlecompoundaremonoclinicwith a=8.314(5),b=22.723(9),c=12.589(6)A, /3=
123.0(2t, Z=4, spacegroupP2dc. The structurewasdeterminedby PattersonandFouriermethods
andrefinedby full-matrixleastsquaresto a final R of 0.030for 2043independentreflexions.The U
atomhaspentagonalbipyramidalcoordinationandtheN-methylacetylacetoneamineis bondedto U
viaO. TherearetwointramolecularN-H. . .0 hydrogenbondswhichgovernthegeometryof theadduct
molecule.
,
Introduction
The reactionof uranyl nitrate with acetylacetone
(HAA) in thepresenceof ammoniaanda varietyof
primaryandsecondaryamineshasrecentlybeenre-
investigated(Haigh& Thornton,1971).It wasfound
thattheproductof thereactionof uranylnitratewith
acetylacetonein thepresenceof methylaminecouldbe
formulatedasthe,B-ketoamineadductof uranylacetyl-
acetonate, UOz(AA)z[CH3-CO-CH=C(CH3)-
NHCH3]. The stoichiometryof thecomplexwasde-
ducedfrom IR and PMR measurements,andit was
suggestedthatthestructurewasprobablyanalogous
to thatestablishedfor thehydrate,UOz(AA)z(H2O),
(Frasson,Bombieri & Panattoni,1966),which is
* Visiting Scholar at the University of Cape Town, per-
manentaddress:University Chemical Laboratory, Lensfield
Road, Cambridge,CB2 lEW, England.
pentagonalbipyramidal.It was suggested(Haigh &
Thornton,1971),thattheadductmoleculewouldbe
bondedto U viathe0 atom,butno suggestionswere
madeconcerningthespatialarrangementsof thethree
ring systemspresentin thecomplex.We areunder-
takingthestructuraldeterminationof a seriesof com-
poundsof thistypeto determinewhethertheadductis
bondedthrough0 or N and to investigatethe hy-
drogen bonding.The methylaminederivativewas
chosenfirstdueto its crystalline xcellence.
Experimental
The compoundwaspreparedaspreviouslydescribed
(Haigh& Thornton,1971).
A singlecrystalwasgroundto a sphereof radius
0.14mmandthelatticeconstantswereobtainedfrom
a least-squaresanalysisof thesettingsof 25reflexions
measuredon a four-circlediffractometerwithMo Ka.
TableI. Crystaldata
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Molecular formula
M.W.
Spacegroup
a = 8.314(5)A
b = 22.723(9)
c = 12'589(6)
P = 123.0(2)0
V= 1993'59A3
C16H25N07U
581
P21/c (monoclinic,2nd setting)
Dm= 1.84g cm-3
Dc =1,94for Z=4
1/=103'59cm-1
F(OOO) = 1104
radiation.The crystaldataarelistedin Table I. The
densitywas measuredby flotationin a mixtureof
diiodomethaneandm-xylene.
Intensitieswerecollectedon a Philips PW IIOO
computer-controlledfour-circlediffractometeroper-
atingin theco-scanmode(scanwidth0,9°8,scanspeed
0,03°8 s-1). With graphite-monochromatedMo Ka
radiation().,=0'71O7A), 2528reflexionsup to 28=
44°weremeasured.Throughoutthe datacollection,
threereferencereflexionswererecordedafterevery56
measuredreflexions.Theyremainedconstantowithin
::t4%. 147reflexionswererejectedas beingsystem-
aticallyabsentor space-groupequivalent.With the
criterionFrol<2.5a(FreJ)for an observedreflexion,a
further338reflexionswereomittedas unobserved,
leaving2043uniquereflexionswhichwereemployedin
thestructuraldetermination.Thedatawerecorrected
for Lorentz-polarizationeffects.Absorptioncorrec-
tionswerecarriedoutwithA* for a spherewithJ1R=
I ,45 (InternationalTablesfor X-ray Crystallography,
1967).
Solutionandrefinementof thestructure
The U atomwaslocatedfrom a Pattersonmap.A
differencemap was calculatedwith the weighting
schemew=exp[-g sin28j).,2S2],in whichs is thevalue
of sin8j).,for whichthe weightis half that at 8=0
(Sheldrick,1976).Withavalueofs=0'5thedifference
map yieldedthe positionsof all the non-hydrogen
atoms.Full-matrixleast-squaresrefinement(SHEL-X
programsystem;Sheldrick,1976)withU anisotropicand
theremainingnon-hydrogenatomsisotropic,yieldedan
R of 0.050.At thisstageadifferencemapshowedthe
positionof someof theH atoms.The H atomswere
constrainedto be I ,08A from their correspondingC
atoms,theirpositionsbeingdictatedby thegeometry
of themolecule.The methylH wererefinedas rigid
groupsand,becausethegeometryof thep-ketoamine
showedthatN(1) is trigonalplanar,H(1)wasappro-
priatelylocatedand constrainedto ride at 1.08A from
N(1).
The final full-matrixleast-squaresrefinementwas
carriedoutwiththeU andtheseven0 atomsaniso-
tropic, the remainingnon-hydrogenatomshaving
individualisotropictemperaturefactors.Theisotropic
temperaturefactorsof theH atomswererefinedastwo
singleparameters,one for the methineand amine
hydrogens[H(1),H(131),R(031),R(081)]andtheother
for themethylH atoms.Theserefinedto U=0,108
and 0.122A2 respectively.This techniqueof con-
strainedleast-squaresrefinement,with rigid groups,
bondlengthconstraintsand locationandrefinement
of H atoms,is discussedby Sheldrick(1976).The
refinementconvergedto Rw=.z:w1/2IFo-Fclj2:W1l2IFol
=0'028andR=0'030withw=Ija2.Table2 showsan
analysisof variancecomputedafterthefinalcycle.As",-
a checkof thecorrectnessof thestructureadifference
mapwascomputed.This hadno peaks>0.25e A-3.
Table2.Analysisof variance
(a) As a function of sin ()
sin () 0,00-0,17-0'22-0,25-0,27-0'30-0,32-0,33-0,35-0,36-0,38
N 212 240 198 173 282 235 108 265 126 204
V 332 265 232 246 228 197 185 189 209 173
(b) As a function of (F/Fm..)1!2
(FIFmax)1!20,00-0,22-0,27-0,30-0,34-0,39-0,42-0,46-0,51-0'59-1'00
N 211 243 161 203 248 162 212 202 207 194
V 215 201 236 241 236 236 221 219 238 277
Table 3. Fractional atomiccoordinatesof
theheavyatoms(x 104)
X Y z
U 3586(0) 1364(0) 1819(0)
0(1) 5084(9) 1981(3) 2342(6)
0(2) 2083(9) 746(3) 1277(6)
0(3) 2704(9) 1576(3) 3291(5)
0(4) 863(9) 19750) 851(5)
0(5) 2764(9) 1558(3) - 260(5)
0(6) 5752(8) 876(3) 1475(5)
0(7) 5784(8) 899(3) 3807(5)
C(1) 924(18) 1578(6) 4254(11)
C(2) 1061(13) 1676(4) 3123(8)
C(3) - 535(13) 1882(4) 2038(8)
C(4) - 524(12) 2053(4) 987(8)
C(5) - 2212(13) 2381(4) - 67(8)
C(6) 2214(15) 1665(5) - 2275(9)
C(7) 3345(2) 1401(4) - 952 (8)
".-
C(8) 4800(12) 1032(4) -619(8)
C(9) 6001(12) 787(4) 597(8)
COO) 7646(13) 409(4) 870(9)
C(ll) 6947(15) -45 (5) 3753(10)
C(12) 6686(13) 452(4) 4426(8)
C(13) 7473(13) 392(4) 5731(9)
C(14) 7350(12) 818(4) 6462(8)
C(15) 8390(5) 725(5) 7897(9)
C(6) 6187(6) 1777(5) 6704(0)
N(I) 6363(10) 1294(3) 5994(7)
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0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
0(7)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
~
""""
Tables3,4 and5 showthefinalatomiccoordinates
andtemperaturefactors.*
Descriptionof thestructureanddiscussion
A perspectiveviewof themoleculewiththenumbering
is shownin Fig. 1. The ,B-ketoaminecoordinates
through0, and the U atomexhibitspentagonalbi-
pyramidalcoordinationin agreementwith prediction
(Haigh& Thornton,1971).Theprincipalbondlengths
andanglesareshownin Tables6and7.Thecoordina-
tiongeometryroundU closelyresemblesthatfoundin
* A list of structurefactors has been depositedwith the
BritishLibrary LendingDivision asSupplementaryPublication
No. SUP 31475(14pp., 1microfiche).Copiesmaybeobtained
through The Executive Secretary, International Union of
Crystallography,13White Friars, ChesterCH11NZ, England.
otherpentagonalbipyramidaluranylcompounds.The
apicalu-o distances(mean1.75A) are,asexpected,
considerablyshorterthantheequatorial(mean2.37A).
An interestingfeatureof the complexis the strong
hydrogenbondN(1)-H(1).. .0(7), with H(1).. .0(7)
at 1.87A. It is becauseof thishydrogenbondthatthe
,B-ketoamineadoptsa ring-likestructureand in fact
displayspseudo-aromaticityas evidencedby its plan-
arity.It is also of interestto notea second,weaker
hydrogenbondN(1)-H(1).. .0(3), with H(1).. .0(3)
at 2.23A. It is probablydueto thepresenceof this
bondthatthe,B-ketoamineis situatedonlyat a slight
angle(32.0°)to theplanedefinedbythefiveequatorial
0 atoms.
U-O(1)
U--0(2)
U-0(3)
U--0(4)
U--0(5)
U-0(6)
U-0(7)
0(3)-C(2)
0(4)-C(4)
0(5)-C(7)
0(6)-C(9)
0(7)-C(12)
C(1 )-C(2)
Table 6. Bond lengths(A)
1'748(6) C(2)-C(3)
1'751(6) C(3)-C(4)
2'385(5) C(4)-C(5)
2'351(5) C(6)-C(7)
2.358(5) C(7)-C(8)
2.347(5) C(8)-C(9)
2'395(5) C(9)-C(10)
1.283(9) C(11)-C(12)
1.266(8) C(12)-C(13)
1.256(8) C(13)-C(14)
1.248(8) C(14)-C(15)
1.250(9) C(14)-N(1)
1.51(1) N(1)-C(16)
1.37(1)
1.38(1)
1'50(1)
1'52(1)
1.34(1)
1'41(1)
1.49(1)
1'50(1)
1.41(1)
1'38(1)
1'53(1)
1'289(9)
1'47(1)
H(111)
C(4)
H(052)~(5)
H(053) H(051)
Fig. 1. Perspectiveview of the moleculewith atomic nomen-
clature.
0(2)
Fig. 2. Molecule viewedalong 0(3)-U-0(6) bisector.H atoms
havebeenomitted.
Table 4. Temperaturefactors of theheavy
atoms(A2x 103)
Vu V22 V33 V23 Vl3 V12
46 (0) 49 (0) 32 (0) 0 (0) 23 (0) 4 (0)
81 (5) 62 (5) 51 (4) 3 (3) 24 (4) -7 (4)
68 (4) 70 (5) 72 (4) 0 (4) 38 (4) -7 (4)
78 (5) 108 (6) 45 (4) 21 (4) 38 (4) 50 (4)
73 (4) 88 (5) 44 (4) 18 (3) 37 (3) 30 (4)
76 (4) 116 (6) 49 (4) 19 (4) 44 (4) 38 (4)
61 (4) 91 (5) 46 (3) 12 (3) 36 (3) 25 (4)
71 (4) 56 (4) 43 (3) 12 (3) 29 (3) 30 (3)
V V V
94 (4) C(7) 52 (2) C(13) 63 (3)
58 (2) C(8) 55 (2) C(14) 55 (2)
54 (2) C(9) 52 (2) C(15) 79 (3)
51 (2) C(10) 63 (3) C(16) 88 (3)
62 (3) C(11) 79 (3) N(1) 59 (2)
75 (3) C(12) 55 (2)
Table 5. Fractional atomic coordinates
of thehydrogenatoms(x 103)
X Y z
H(1) 558 (1) 134 (0) 498 (1)
H(01l) - 51 (2) 150(1) 402(1)
H(012) 154(2) 195(1) 490(1)
H(013) 179(2) 119(1) 470(1)
H(031) -186 (1) 192(0) 200(1)
H(051) - 348 (1) 231(0) - 5 (1)
H(052) - 250 (1) 226(0) - 99 (1)
H(053) -181 (1) 284 (0) 11 (1)
H(061) 267 (2) 155 (1) - 290 (1)
H(062) 222 (2) 214 (1) - 219 (1)
H(063) 78 (2) 150 (1) - 266 (1)
H(081) 508 (1) 91 (0) -134 (1)
H(101) 771 (1) 37 (0) 4 (1)
H(1 02) 744 (1) - 2 (0) 114 (1)
H(103) 897 (1) 60 (0) 164 (1)
H(111) 778 (2) -44 (1) 419 (1)
H(112) 741 (2) 16 (1) 319 (1)
H(113) 545 (2) -16 (1) 316 (1)
H(131) 822 (1) - 1 (0) 619 (1)
H(151) 889 (2) 28 (1) 810 (1)
H(152) 745 (2) 80 (1) 822 (1)
H(153) 960 (2) 102 (1) 838 (1)
H(161) 531 (2) 214 (1) 611 (1)
H(162) 764 (2) 193 (1) 734 (1)
H(163) 563 (2) 162 (1) 725 (1)
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Fig 2 viewsthecomplexalongthebisectorof the
O(3)-U-O(6) angle,with the H atomsomittedfor
clarity,andshowsthatoneacetylacetoneringisfolded
aboutan axis throughits 0 atoms(anglebetween
planes2and5is 23.0°).Thecorrespondinganglein the
otherringis muchsmaller(anglebetweenplanes3and
6 is 3'4°).
All calculationswerecarriedoutonaUNIVAC 1106
computerat theUniversityof CapeTown.
We thankthe.CSIR (Pretoria)for the diffractom-
eterdatacollectionand the CSIR and the Univer-
sityof CapeTown for researchgrants.
Angles betweennormalsto planesCO)
Plane 1 to plane4
Plane 2 to plane 5
Plane 3 to plane6
32.0
23'0
3-4
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Table7.BondanglesCO) Table 9. Least-squaresplanes
0(1)-U-0(2) 79.2(3) U-0(5)-C(7) 136,8(5) The equationsof the planesare expressedin orthogonalized
0(l)-U--0(3) 90.2(3) 0(5)-C(7)-C(8) 125'7(7) spaceas IX +mY+nZ =P. d is the perpendiculardistance(A)0(1)-U-0(4) 90'5(2) O(5)--C(7)-C( 6) 113-9(7) from each atom to the plane. Atoms marked (*) were not
0(1)-U--0(5) 89.1(2), C(8)-C(7)-C(6) 120'3(7) includedin the least-squarescalculation.
0(1)-U-0(6) 89,3 (2) C(7)-C(8)-C(9) 124.9(8)
Plane 1 (4'123)X+(18'397)Y+(-0'090)Z=3-9870(1)-U--0(7) 88'8(2) C(8)--C(9)-0(6) 122'5(7)
0(2)-U-0(3} 90.5 (2) C(8)-C(9)-C(10) 119.8(7) d d d
0(2)-U-0(4) 89-4(2) 0(6)--C(9)-C(1O) 117-7(7)
U(l) -0,015 0(4) - 0,006 0(6) - 0'0170(2)-U-0(5) 90.2(2) C(9)-0(6)--U 139,0(5) 0(3) - 0'002 0(5) 0.021 0(7) 0.0180(2)-U-0(6) 90,3 (2)
0(2)-U-0(7) 91'7(2) U-0(7)--C(12) 150'1(5) Plane 2 (1'021)X+(21'134)Y +(2-811)Z=4'524
0(7)-C(12)-C(11) 118.8(7)
d d d0(3)-U-0(4) 70,5 (2) 0(7)--C(12)-C(13) 123.1(8)
0(4)-U-0(5) 72-6(2) C(13)-C(12)-C(11) 118'1(8) U(1)* -0'764 C(1)* 0'101 C(4) 0,039
0(5)-U-0(6) 70,8(2) C(12)-C(13)-C(14) 123.8(8) 0(3) 0,008 C(2) 0,004 C(5)* 0.264
0(6)-U--0(7) 76,0(2) C(13)-C04)-N(1) 123'0(8) 0(4) - 0'023 C(3) - 0'028
0(7)-U--0(3) 70'1(2) C(13)-C(14)-C(15) 119.3(8)
Plane 3 (4-484)X+(17'953)Y+(- 0'626)Z=4,059N(1)-C(14)-C(15) 117'7(7)
U-0(3 )-C(2) 131.2(5) C(14)-N(1)--C(16) 126.6(7) d d d
0(3)-C(2)-C(3) 126'3(8)
U(1)* - 0.117 C(6)* 0,065 C(9) 0,0080(3)-C(2)-C(1) 116.1(8)
0(5) - 0,007 C(7) 0'016 C(10)* 0'048C(3)-C(2)-C(l) 117-6(8)
0(6) - 0.001 C(8) -0,016 ",-C(2)-C(3)-C(4) 122.8(8)
C(3)-C(4)-0( 4) 124.8(7) Plane 4 (7-323)X+(10'046)Y +( - 4'258)Z=3-460
C(3)-C(4)-C( 5) 119-6(7)
d d dO(4)-C(4)-C(5) 115'5(7)
C(4)-0(4)-U 134,7(5) U(l)* -0,239 C(13) - 0'036 C(16) 0.001
0(7) 0'057 C(14) - 0,008 N(l) - 0,053
The hydrogenbond dataarelistedin Table 8. Table C(11) -0,016 C(15) 0,049 H(l)* -0'143
9 givesthe equationsof selectedleast-squaresplanes
C(12) 0'005
and interplanar angles. Plane 5 (4'166)X+(18'343)Y +(- 0'147)Z=3,969
d d d
Table 8. Hydrogenbonding U(l) 0,000 0(3) 0,000 0(4) 0,000
N(l)-H(1) 1.08A H(1)-0(3) 2.23A Plane 6 (4'126)X+(18'253)Y + (0'068)Z=3.982
H(1)-0(7) 1.87A N(l)--- H(1)-0(3) 142.3° d d dN(1)-H(1)-0(7) 128.8° N(l)' . .0(3) 3.15A
N(l)' . .0(7) 2.68A U(1) 0,000 0(5) 0,000 0(6) 0,000
